The present paper deals to the quintom model of dark energy. We introduce a firstorder formalism, which shows how to relate the potential that specifies the scalar field model to Hubble parameter. Reviewing briefly the quintom scenario of dark energy, we present a general procedure to solve the equations of motion for quintom model driven by a couple scalar fields with first-order differential equations. *
Introduction 2 The quintom model of dark energy
The quintom model of dark energy [19] is of new models proposed to explain the new astrophysical data, due to transition from w > −1 to w < −1, i.e. transition from quintessence dominated universe to phantom dominated universe. Here we consider the spatially flat Friedman-Robertson-Walker universe, where has following space-time metric,
Containing the normal scalar field σ and negative kinetic scalar field φ, the action which describes the quintom model is expressed as the following form,
where we have not considered the lagrangian density of matter field and we are using 4πG = 1. In the spatially flat Friedman-Robertson-Walker (FRW) universe, the effective energy density, ρ, and the effective pressure, P, of the scalar fields can be described by;
So, the equation of state can be written as,
From the equation of state , it is seen that forσ >φ, w ≥ −1 and forσ <φ, we will have, w < −1. So, the evolution equation for two scalar fields in FRW model will have the following form,φ
where, H is the Hubble parameter, H ≡ȧ/a. The first Friedmann equation is given by,
Substitute ρ into above equation we obtain
3 First-order formalism
Now we introduce a first-order formalism, which shows how to relate the potential that specifies the scalar field model to Hubbles parameter. In order to obtain the first-order equation, we use [21] 
From Eqs. (9), (11) the explicit form of the potential is
where the super -potential W is a well behaved function in the space of scalar fields φ(x, t) and σ(x, t) ∈ Maps(R 1,1 , R 2 ). Here we assume that the superpotential be additive as
The equations (11) are first-order differential equations, and they consistent with the set of equations (6, 7) and (9, 10) for the potential (12) . The constraint (13) guide us to consider a super-potential with the following form [23, 24] :
where K φ and K σ are constant. Using Eq. (12), we get the following potential,
Now to obtain φ and σ in term of t, we use equation (11) dφ dt
Now we are going to obtain φ(t) and σ(t),
and
Using the above equations, we can rewrite the super-potential (14) as function of t ,
As we know W (t) = H(t), then we can obtain the energy density as a fact in of time,
Also from Eqs. (4, 18, 19) one can obtain the pressure as function of time :
Now we are going to write the equation of state as follow,
and the acceleration parameter q(t) given by,
In Figure 1 we plot H(t), ω(t) and q(t) for some choice of parameters. Substituting Eqs. (18), and (19) respectively in Eqs. (16), (17) one can obtain
If W 2 φ < W 2 σ , then ω > −1, in this case we are in quintessence phase, in the other hand if W 2 φ > W 2 σ , then ω < −1 in this case the universe is in the phantom phase. Therefore we have extended the first-order formalism introduced in [21, 22, 26] to describe the FRW cosmology, driven by a couple of scalar fields σ, φ with standard dynamics for flat spatial geometry. The present method may be used to investigate several interesting cases, in particular the case in which the cosmic evolution occurs in closed or open geometry, for phantom or quintom models. Figure 1: The Graphs of H(t), ω(t) and q(t) draw in term of t for K φ = 0.7 and K σ = 0.4.
conclusion
The idea to consider the Hubble parameter as a function of scalar fields and to transform Eqs. (6, 7, 9, 10) into Eqs. (11, 12) has been used in the HamiltonJacobi formulation of the Friedmann equations and does not connect with supersymmetric and supergravity theories [25] . Also the idea to apply system (11, 12) instead of the original equations of motion and to seek in such a way exact special solutions is actively used in two-dimensional fields models [26] .
In the present work we have shown how to write a first-order formalism to FRW cosmology and to the quintom model of dark energy with two scalar fields. The crucial ingredient was the introduction of a new function, W = W (φ, σ) from which we could express Hubble's parameter in the form H(t) = W [φ(t), σ(t)]. Also the energy density and pressure can be obtained by H(t) = W [φ(t), σ(t)]. Finally by using the energy density and pressure we obtained the equation of state for the quintom model. The condition for the accelerated expansion is obtained by equation of state. The deformation procedure for two scalar field in quintom model of dark energy may be intersecting for future work.
